. Searching PAJ 1/2 ^ — is 



PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 2002-1 00298 

(43)Date of publication of application : 05.04.2002 

(51)lntCI. HOI J 27-/08 

HOI J 37/08 
H01L 21/265 
// H01L 21/203 

(21 Application number : 2001- (71 Applicant : APPLIED MATERIALS INC 

106063 

(22)Date of filing : 04.04.2001 (72)lnventor : POVALL SIMON 

BURGIN DAVID RICHARD 
PONTEFRACT JOHN 
KING MICHAEL J 



(30)Priority 

Priority 
number : 



2000 200008286 Priority 
date : 



04.04.2000 Priority 
country : 



GB 



(54) FEED GAS VAPORIZER FOR ARC CHAMBER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
vaporizer to generate feed gas for an arc 
chamber. 

SOLUTION: This vaporizer to generate feed gas 
for'the arc chamber as an ion source has a 
crucible which is heated to the temperature to 
sublimate a material in the crucible. This 
sublimation generates vapor for using as the 
feed gas. The vaporizer also has a heating 
element to heat the crucible and a cooling 
element which has a form extending along the 
crucible to let cooling fluid flow through it. When 
a switch of the heating element is being turned 
off, forced cooling of the crucible makes it 
possible to quickly cool the crucible so that it 
becomes possible to stop the supply of the feed 

gas instantly. This quick stopping is important when the feed gas for the arc 
chamber as the ion source is changed. By forced cooling of the crucible and at 
the same time by energizing the heating element, exact control of the crucible is 
possible at a low operating temperature when it is required. 
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1 Title c f 1 o t en t i ca 

A VAPORISER FOR GENE RATING FEED GAS 
FOR AN ARC CHAMBER 
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1. A vaporiser for generating feed gas for an arc 
chamber, the vaporiser comprising an elongate crucible 
arranged to contain a source of material, a heater to 
heat the source to generate the feed gas, and a 
cooling duct arranged to extend along substantially 
the entire length of the crucible to receive cooling 
fluid and cool the source of material.. 

2. A vaporiser according to Claim 1, wherein the 
cooling duct is wound around the crucible. 

3. A vaporiser according to Claim 2, wherein the 
cooling duct is wound in a helical configuration. 

4. A vaporiser as claimed in Claim 3, wherein the 
heater has a heating element helically wound around 
the crucible with the same helical pitch as the 
cooling duct but axially offset. 

5. Semi conductor implant apparatus having an ion 
source comprising an arc chamber and a vaporiser 
connected to supply a feed gas to the arc chamber, the 
vaporiser comprising an elongate crucible arranged to 
contain a source of material, a heater to heat the 
source to generate the feed gas, and a cooling duct 
arranged to extend along substantially the entire 
length of the crucible to receive cooling fluid and 
cool the source of material. 

6. A method of controlling the generation of a feed 
gas for the arc chamber of an ion source, comprising 
the steps of 

a) providing in a crucible a quantity of non 
gaseous material which can be heated to 
generate a desired feed gas for the arc 
chamber, 
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b) heating the crucible to a temperature at 
which said desired feed gas is generated and 
supplying the generated feed gas to the arc 
chacnber, and 

c) stopping the supply of said desired feed gas 
by halting said heating and applying forced 
cooling to said crucible. 

7. A method of controlling the temperature of a 
crucible for generating, from non-gaseous material 
contained in the crucible, a feed gas for the arc 
chamber of an ion source, the method comprising the 
steps of 

a) applying a heating current to a heating 
element to heat the crucible so as to 
generate said feed gas, and 

b) simultaneously applying an amount of forced 
cooling to the crucible so that the crucible 
is heated by said heating current to a 
desired temperature. 

3 Detailed Description of Intention 
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Field of the Invention 
The present invention relates to a vaporiser for 
generating feed gas for an arc chamber. The invention 
is particularly applicable when the arc chamber acts 
as the ion source for a semiconductor implant 
apparatus . 

Background of the Invention 
Such a vaporiser typically comprises an elongate 
crucible arranged to contain a source of material, and 
a heater to heat the source to generate the feed gas. 
Typically, two such vaporisers are provided in a 
semiconductor implant apparatus, each containing a 
different source of material for generating different 
species of feed gas. In order to switch between feed 
gases, it is necessary to disconnect the power supply 
to the heater and allow the source to cool thereby 
ceasing the production of feed gas. The arc chamber 
is then purged before the heater of the second 
vaporiser is activated in order to commence the supply 
of the second feed gas. Usually, the vaporiser is 
allowed to cool by radiation, but in one prior art 
attempt to improve the cooling, a jet of N 2 is 
directed at the end of the crucible on the atmospheric 
side. This improves the cooling to some extent, but 
does little to cool the source of material at the far 
end of the crucible. 

A further problem is that although vaporisers 
used in the prior art operate well at or close to 
their maximum temperatures., it is sometimes necessary 
to operate vaporisers at a lower temperature. Control 
of conventional vaporisers at this lower temperature 
has proved to be difficult as the vaporiser is 
particularly sensitive' to sudden power surges to the 
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heater. 

Summary of the Invention 
According to the present invention there is 
provided a vaporiser for generating feed gas for an 
arc chamber, the vaporiser comprising an elongate 
crucible arranged to contain a source of material, a 
heater to heat the source to generate the feed gas, 
and a cooling duct arranged along a substantial 
portion of the length of the crucible to receive 
cooling fluid and cool the source of material. 

By circulating cooling fluid around the duct 
extending along the crucible, more effective and 
uniform cooling is provided. The present invention 
also allows the vaporiser to be operated at a lower 
temperature by running the heater at or close to full 
power while circulating a -controlled amount of cooling 
fluid through the cooling duct. Thus, the vaporiser 
according to the present invention can be used with 
species which sublimate at lower temperatures than 
those commonly used in implant systems. 

In order to optimise the uniformity of the 
cooling, the cooling duct preferably extends along 
substantially the entire length of the crucible. The 
duct is also preferably wound around the crucible and 
is preferably wound in a helical configuration, as 
this provides a simple way of achieving the optimum 
cooling.^ 
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Detailed Description of the Preferred Embodiments 
The vaporiser comprises a crucible 1 which 
generally has a hollow cylindrical shape. The inside 
of the crucible 1 defines a cavity 2 which is arranged 
to receive a solid off the appropriate species for the 
gas to be generated. One end 3 of the cavity 2 is 
open and is connected; in use, to an ion source 
located within the ion implant system. A suitable 
seal (not shown) is provided at the second end 4 of 
the crucible, so that, in use, the crucible is in a 
vacuum chamber, while the remainder of the assembly is 
open to the atmosphere. 

Around the outer surface of the crucible is a 
cooling duct 5 helically wound along the entire length 
of the crucible 1. The helix is shown in a double 
wound configuration in the figures. One of these 
windings represents a duct which transports incoming 
coolant along the crucible from right to left as shown 
in the figures. While the other duct returns the 
coolant in the. opposite direction. A bend 6 in the 
duct 5 (as best shown in Fig. 4) represents the 
transition from the outward duct to the return duct. 

A heating element 7 in the form of a thin 
electrically conductive wire in an insulating housing 
is helically wound along a groove 8 in the outer 
surface of the crucible 1. The heating element 7 has 
the same pitch as the cooling duct 5 but is offset 
along the axis of the crucible 1. 

Leading away from the second end 4 of the 
crucible 1 is a support tube 9 which terminates at a 
base plate 10 by which the vaporiser is mounted. 
Coolant feed and return pipes 11 extend through the 
support tube 9 and lead respectively to and from the 
helically wound cooling duct 5. Behind the support 
plate 10, the coolant return tube 11 is provided with 
a loop 12 to accommodate any thermal expansion. A 
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lead 30 extends from the heating element 7 through the 
support tube 9 to an electrical connector 14. 

The temperature within the crucible is monitored 
by a thermocouple mounted on the atmospheric side, of 
the vaporiser in a bore 15 at the second end 4 of the 
crucible 1 as best shown in Fig. 2. 

In use, when the assembly is fitted to an ion 
source, current supplied to the heater element 7 is 
arranged to maintain the solid source in the chamber 2 
at a temperature which is just below that required for 
sublimation of the solid. When an ion beam of this 
species is required, the control system increases the 
power to the heating element 7 raising the vaporiser 
temperature so that the feed undergoes sublimation and 
the temperature is then maintained at a level 
sufficient to give the required vapour flow to the ion 
source arc chamber. Normally the heating element 7 is 
energised with a heating current intermittently from a 
fixed electrical supply, and the mean power delivered 
to the element 7 is controlled by increasing or 
reducing the proportion of time during which the 
element 7 is energised. 

When a beam of a different species is required, 
it is desirable to remove the current species from the 
arc chamber as quickly as possible. At this time, the 
power to the heater element 7 is disconnected and a 
coolant gas such as nitrogen is circulated around the 
helically wound cooling duct 5 thereby quickly halting 
sublimation of the solid. 

If the vaporiser is required to operate at a 
lower temperature, a small quantity of coolant gas can 
be allowed to flow through the cooling duct 5 while 
current is supplied to the heating element 7. This 
forced cooling of the crucible 1 during application 
of the heating current to the heating element 7 
has the effect of increasing the thermal loading 
of the crucible, so that a relatively lower 
temperature can then be maintained with the heating 
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element 1 energised for a relatively higher 
proportion of the time. This allows the vaporiser to 
operate stabily at a Lower temperature as the 
temperature can now be more smoothly regulated. 

4 Brief Description of Drawings 

An example of a vaporiser in accordance with the 
present invention will now be described with reference 
to the accompanying drawings, in which: 

Fig. 1 is a perspective view of the vaporiser; 

Fig. 2 is a cross-section through line II - II in 
Fig . 3 ; 

Fig. 3 is a plan view of the lower side of the 
vaporiser shown in Fig. 1; and 

Fig. 4 shows the detailed ringed as IV in Fig. 3. 
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1 Abstract 

A vaporiser generating feed gas for the arc 
chamber of an ion source has a crucible which is 
heated to a temperature at which material in the 
crucible sublimes to produce a vapour for use as the 
feed gas. In addition to the heating element for 
heating the crucible, there is a cooling element in 
the form of a cooling duct extending along the length 
of the crucible for receiving the cooling fluid. 
Forced cooling of the crucible when the heating 
element is switched off enables the crucible to be 
cooled more quickly so that the supply of a feed gas 
can be terminated sooner. This is important if an ion 
source is being switched from one feed gas to another. 
Also, the crucible may be forced cooled simultaneously 
while energising the heating element to enable the 
crucible to be accurately controlled at a lower 
operating temperature if desired. 
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